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(57) ABSTRACT

A rotating flow head has a lubricated bearing pack for isolat-
ing bearing elements from wellbore fluids under pressure.
The bearing pack, having a rotating cylindrical sleeve, bear-
ing elements and two seal assemblies, is secured within an
assembly bore of a stationary housing by a retainer plate
accepting a plurality of lag bolts circumferentially spaced
around a top portion of the stationary housing. Fach of the
seal assemblies have at least one sealing element having a
body, an annular cavity, an inner sealing surface, and a flange
that distends radially outwardly when axially compressed. A
loading ring fit to the annular cavity urges the inner sealing
surface radially inwardly to sealingly engage the rotating
cylindrical sleeve. The inner sealing surface further com-
prises a first and second sealing surface and a debris channel
therebetween.

16 Claims, 23 Drawing Sheets
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1
UNIVERSAL ROTATING FLOW HEAD
HAVING A MODULAR LUBRICATED
BEARING PACK

FIELD OF THE INVENTION

Embodiments of the invention relate to rotating control
devices for well operations and more particularly to a modu-
lar assembly having bearings, sealing assemblies and a rotat-
able quill, the modular assembly being removeably secured
within a stationary housing.

BACKGROUND OF THE INVENTION

In the oil and gas industry it is conventional to directly or
indirectly mount a rotating control device on the top of a
wellhead or a blowout preventer (BOP) stack, which may
include an annular blowout preventer. The rotating control
device serves multiple purposes including sealing off tubulars
moving in an out of a wellbore and accommodating rotation
of the same. Tubulars can include a kelly, pipe or other drill
string components. The rotating control device is an appara-
tus used for well operations and diverts fluids such as drilling
mud, surface injected air or gas and produced wellbore fluids,
including hydrocarbons, into a recirculating or pressure
recovery mud system. Typical in-service time numbers in the
tens to low hundreds of hours before some part of the opera-
tion requires service or other attention including drill bit
replacement or other downhole equipment such as motors,
turbines and measurement while drilling systems. It is desir-
able that a rotating control device last as long as other com-
ponents and not be the reason operations are interrupted and
result in non-productive time (NPT).

As disclosed in U.S. Pat. No. 5,662,181 to Williams et al.
and U.S. Pat. No. 6,244,359 to Bridges et al., a variety of
means are provided to lubricate the bearing assembly of a
rotating flow head. Conventionally, most lubrication means
require that a lubricant be injected or pumped into an annulus
which houses the bearings to lubricate the bearings. Such
lubrication means may require elaborate hydraulic mecha-
nisms and seal arrangements to ensure adequate lubrication
and cooling of the bearings. Typically, bearing assemblies are
secured within the rotating flow head by means of clamps
which may increase the structural height of the rotating flow
head.

If the ability to maintain adequate lubrication of the bear-
ings is compromised, the bearings will fail quickly resulting
in NPT.

One of the most common sources of premature failure of
bearings in current rotating control device technology is the
failure of a seal or seal stack that isolates the wellbore envi-
ronment from entering the bearing assembly housing.

Reducing operational NPT by maximizing the longevity of
the bearings is a key objective for all companies involved in
the provision of rotating control device equipment.

There is aneed for structurally low profiled rotating control
device which is simple and effective that maximizes the seal-
ing function ofthe bearings, and prevents premature wear and
failure of the rotating control device.

SUMMARY OF THE INVENTION

A rotating flow head of the present invention comprises a
lubricated seal system to improve the longevity of the rotating
flow head bearings and sealing elements, and a unique assem-
bly for providing a structurally low profile rotating flow head.
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Aspects of the present invention provide a user-friendly
device and contribute to significant increases in the mean time
between failures in a difficult environment, known in the
industry to number only in the hundreds of hours before
expensive servicing is required.

A rotating flow head housing is secured to a wellhead and
has an assembly bore in communication with a wellbore. The
assembly bore is replaceably fit with a lubricated bearing
pack for rotatably sealing tubulars extending therethrough.
The bearing pack has a bearing pack housing and an axially
rotatable inner cylindrical sleeve or quill adapted for the
passage of drill string tubulars forming an annular bearing
assembly space therebetween. Bearing elements are posi-
tioned in the annular assembly space for radially and axially
supporting the inner cylindrical sleeve within the bearing
pack housing and two or more sealing elements and a stripper
element seal the bearing elements from wellbore fluids,

In one aspect, to maximize seal life and minimize rota-
tional drag, each of the two or more sealing elements has an
elastomeric body operable between a first non-activated state
and a second activated state. When activated, the elastomeric
body of each sealing ring engages the quill for sealing thereto.
The elastomeric body further has an annular cavity, an inner
surface adapted to engage the quill, and a radially outwardly
extending member supported in the bearing pack housing.

When the elastomeric body is in its first non-activated state,
the radially outwardly extending member has a first radial
extent being less than the radial extent of the bearing assem-
bly space, forming a radial seal clearance; and when the
elastomeric body is in its second activated state, the radially
outwardly extending member is axially compressed, distend-
ing radially outwardly and substantially freely into the radial
seal clearance and avoiding a jamming of the seal against the
quill.

In another aspect, the axial bearings and the radial bearings
are provided in pairs, the pair of radial bearings being fit to the
annular assembly space with axial clearance to avoid intro-
ducing complex loading and the pair of axial bearings being
fit to the annular assembly space with radial clearance to
avoid complex loading.

In another aspect, the bearing pack is retained within the
rotating flow head housing a retainer plate removeably
secured over an installed bearing pack in the annular assem-
bly space using a plurality of circumferentially spaced lag
bolts engaged radially through the housing.

In another aspect, a portion of the quill adjacent the sealing
elements is fit with sacrificial replaceable wear sleeves so as
to enable periodic replacement without need to replace the
quill itself.

In another aspect, and being cognizant of large and oppos-
ing pressure differentials during operations, the two or more
seal elements between the bearings and the wellbore have at
least one seal element oriented for sealing against wellbore
fluid ingress from the wellbore to the bearings and at least seal
element for sealing against egress of bearing lubricants from
the bearings to the wellbore.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A is a perspective view of an embodiment of the
present invention illustrating various external components;

FIG. 1B isaperspective view of another embodiment of the
present invention illustrating the use of lag bolts to secure a
bearing pack within a stationary housing;

FIG. 21is an exploded view of FIG. 1 illustrating the internal
bearing and stripper assembly;
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FIG. 3A is an overhead view of a thrust plate use in an
embodiment of the present invention

FIG. 3B is an overhead view of the thrust plate in accor-
dance with FIG. 3A, secured by lag bolts within a stationary
housing;

FIG. 3C is an overhead view of the thrust plate in accor-
dance with FIG. 3A, secured in position with lag bolts (sta-
tionary housing not shown);

FIG. 4A is a cross-sectional view of an embodiment of the
present invention illustrating an internal assembly positioned
within a stationary housing, illustrating the bearing and seal-
ing elements, and lubricant passageways;

FIG. 4B is a cross-sectional view of another embodiment
of'the present invention illustrating lag bolts securing a thrust
plate to retain an internal assembly; the internal assembly
illustrates an embodiment having four bearing elements and
two seal assemblies;

FIG. 5A is an enlarged view of a one-half section of the
sealed bearing pack of FIG. 4A further illustrating the indi-
vidual sealing elements, and individual bearing elements;

FIG. 5B is an enlarged view of a one-half section of the
sealed bearing pack of FIG. 4B further illustrating the indi-
vidual sealing elements, and individual bearing elements;

FIG. 6 is a cross sectional view of an embodiment of the
present invention showing the internal assembly including a
bearing housing, seal assembly and stripper element, illus-
trating a bearing lubricant passageway in fluid communica-
tion with a bearing interface;

FIG. 7A is a cross sectional view of an embodiment of the
present invention showing the internal assembly including a
bearing housing, seal assembly and stripper element, illus-
trating a lubricant passageway in fluid communication with a
seal interface between the upper and intermediate sealing
elements;

FIG. 7B is a cross sectional view of an embodiment of the
present invention showing the internal assembly including a
bearing housing, seal assembly and stripper element, illus-
trating a lubricant passageway in fluid communication with a
seal interface between the intermediate and lower sealing
elements; and

FIG. 8A is a cross sectional view of an embodiment of the
present invention illustrating a lubricant passageway in fluid
communication with the seal interface between an upper and
intermediate sealing elements of the seal assembly;

FIG. 8B is a cross sectional view of an embodiment of the
present invention illustrating a lubricant passageway in fluid
communication with the seal interface of an upper sealing
element of the seal assembly;

FIG. 9A is a side cross-sectional view of a two-part sealing
element in accordance with the present invention;

FIGS. 9B and 9C are partial, exploded views of a cross-
section of the sealing element of FIG. 9A illustrating the
sealing element body and loader ring;

FIG. 10 is an exploded view of the inner sealing surface of
the two-part sealing element in accordance to FIG. 9A, illus-
trating a first and second sealing surface and a circumferential
groove or debris channel;

FIGS. 11 A and 11B are cross sectional views of an embodi-
ment of the present invention illustrating how the sealing
element, when axially compressed, distends radially out-
wardly towards a seal carrier, and into a seal gland;

FIG. 12 is a side view of an embodiment of the present
invention illustrating at least one sealing element oriented for
sealing against wellbore fluid ingress from the wellbore to the
bearings and the at least one sealing element for sealing
against the egress of pressurized bearing lubricants from the
bearings to the wellbore;
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FIG. 13 is a diagrammatical representation of a method of
employing an embodiment of the present invention; and

FIGS. 14A-14E are schematic representations of the steps
of the method in accordance to FIG. 13.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A rotating flow head (RFH), more commonly known as a
rotating control device, generally comprises a stationary
housing adapted for incorporation onto a wellhead and a
rotating cylindrical sleeve, such as a quill or mandrel, for
establishing a seal to a movable tubular such as tubing, drill
pipe or kelly. The quill is rotatably and axially supported by a
lubricated bearing pack comprising bearing elements and seal
assemblies for isolating the bearing elements from pressur-
ized wellbore fluids.

More specifically, as shown in FIGS. 1A and 1B, a rotating
flow head 1 comprises a stationary housing 2 adapted at a
lower end by a flange connection 3, to operatively connect to
a wellhead or a blow out preventer (not shown). In operation
for diverting and recovering fluids from the wellbore, the
stationary housing 2 can be fit with one or more outlets 4
along a side portion of the stationary housing 2 for the dis-
charge of wellbore fluids.

With reference to FIG. 2, the stationary housing 2 has an
assembly bore 5 fit with a modular internal assembly 10
which includes a quill 11 and a bearing pack 20 having seals.
The quill 11 comprises a tubular quill shaft 13 having an
elastomeric stripper element 14 supported at a downhole end
of'the tubular shaft 13. The elastomeric stripper element 14 is
adapted to seal to tubulars passing therethrough. An annular
space is formed between the stationary housing 2 and the quill
shaft 13. The bearing pack 20 is positioned in the annular
space for axially and rotationally supporting the quill 11 in the
stationary housing 2.

Downbhole axial loads are borne by the transfer of loads
from the quill to the bearing pack 20 and to a shoulder 17
(shown in FIG. 4A) in the stationary housing 2. Once the
bearing pack 20 is installed, uphole loads are borne by the
transfer of loads from the quill to the bearing pack 20 and to
a retainer plate 6 removeably secured within the assembly
bore 5 of the stationary housing 2.

The retainer plate 6 can be a threaded screw cap, as shown
in FIG. 2 or, as shown in FIG. 1B, can comprise a thrust plate
50 secured by a plurality lag bolts 55 distributed or circum-
ferentially spaced about an upper end of the stationary hous-
ing 2. The thrust plate 50 reduces the overall structural height
of the rotating flow head 1. The low structural profile of the
rotating flow head 1 allows for greater freedom and ease of
movement underneath a rotary table.

The lag bolts 55 are manually or hydraulically adjustable
radially inward and have a distal end 56 which impinges on
the assembly bore 5 of the stationary housing 2 and retain the
thrust plate 50 or adjustable radially outward to release the
thrust plate 50 for removal and removal of the bearing pack
20.

Typical well operations may involve the passing of tubulars
through a rotary table having a bore of about 17.5 inches in
diameter. Preferably, in an embodiment of the present inven-
tion, in order to pass through a working bore of a rotary table,
the thrust plate 50 should have a diameter no greater than 17.5
inches. Alternatively, the thrust plate 50 may be of a split
design, comprising multiple pieces, such as two halves,
which can be installed about the tubular to secure the internal
assembly 10 within the assembly bore 5 of the stationary
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housing 2. This obviates the need to pass a retainer plate 6
through the working bore of the rotary table.

As shown in FIGS. 3A and 3B, a thrust plate 50 comprises
a cylindrical ring, sized to fit within the assembly bore 5. The
lag bolts 55 are manually or hydraulically actuated to engage
the thrust plate 50 to secure the bearing pack 20 within the
assembly bore 5. The thrust plate 50 may have a plurality of
mating surfaces 51, on an upper surface of the thrust plate,
which may be indentations, spaced circumferentially there-
about and which correspond to the distal ends 56 of each of
the lag bolts 55. The distal ends 56 can be tapered so that when
they engage the mating surfaces Si, the lag bolts impose an
axial load onto the thrust plate 50, securing; the trust plate 50
in firm, dimensional relation to the stationary housing 2 and
the bearing pack 20. Further, each of the mating surfaces 51
can comprise a single semi-spherical side wall 52 and a ter-
minating back wall 53. In alternate embodiments the mating
surfaces 51 can comprise a plurality of side walls. The thrust
plate 50 can also be rotationally restrained or even attached to
the bearing pack 20 such as by set screws 54.

As shown in FIGS. 3B and 3C, the plurality of circumfer-
entially spaced mating surfaces 51 accept the lag bolts 55,
which can be manually or hydraulically actuated through the
stationary housing 2, for securing the internal assembly 10
within the assembly bore 5 of the stationary housing 2. In
addition, by restraining the bearing pack rotationally to the
thrust plate 50 and the accepting of the lag bolts 55 within the
mating surfaces 51 also prevent rotational movement of the
bearing pack 20 relative to the stationary housing 2.

Referring back to FIG. 2, the bearing pack 20, can be
releaseably fit as a module or internal assembly 10 into the
assembly bore 5 of the stationary housing 2. As shown in
FIGS. 4A and 4B, the internal assembly 10 comprises an
outer bearing housing 15 having bearings 21, a lower seal
assembly 40 having at least two sealing elements, and an
upper seal assembly 80 having at least one sealing element,
for replacement as a single unit or module. The outer bearing
housing 15 may have a tapered lower end 16 which is sup-
ported upon the shoulder 17 in the assembly bore 5 of the
stationary housing 2 and retained therein by the retainer plate
6.

As shown in FIG. 4A, the outer bearing housing 15 has a
radially inward shoulder 18 and the quill shaft 13 has a radi-
ally outward shoulder 19 which cooperate with the bearing
pack 20 to axially and rotationally support the quill 11 in the
outer bearing housing 15. The stripper element elastomeric is
attached to a downhole portion of the quill shaft 13.

In another embodiment, as shown in FIG. 4B, adjacent the
seal assemblies 40, 80, the quill shaft 13 is fit with sacrificial
replaceable quill wear sleeves 90a, 905. A downhole sacrifi-
cial quill wear sleeve 90a envelopes that portion of the quill
shaft 13 that engages the lower seal assembly 40 and bearing
element 21a. An uphole sacrificial replaceable quill wear
sleeve 905 envelopes that portion of the quill shaft 13 that
engages the upper seal assembly 80 and bearing element 214.

The sacrificial quill wear sleeves 90a, 905 can be readily
available on site and are easily replaceable once worn due to
prolonged operations. Instead of having to replace an entire
rotating quill 11, a quick replacement of the sacrificial quill
wear sleeves 90a, 905 reduces nonproductive time and thus
saves operational time and costs.

With reference to FIGS. 5A and 5B, the outer bearing
housing 15 and the quill shaft 13 define an annular assembly
space therebetween for supporting bearing elements 21a,
215, 21¢, 21d and seal assemblies 40, 80. The quill shaft 13 is
axially and radially supported within the outer bearing hous-
ing 15 by bearing elements 21qa, 215, 21¢, 21d. Lower seal
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assembly 40 is located downhole from the bearing elements
21a, 215, 21c, 21d, while upper seal assembly 80 is located
uphole of the bearing elements 21a, 215, 21¢, 214d.

With reference to FIG. 5A, the outer bearing housing 15
houses bearing elements 21a, 215, 21¢ and lower seal assem-
bly 40. Lower seal assembly 40 isolates wellbore fluids from
the bearings elements 21a, 215, 21¢. The lower seal assembly
40 can comprise one or more seal elements 41a, 415,41¢. The
bearing elements 21a, 215, 21c¢ are selected from heavy duty
bearings for rotationally and axially supporting loads result-
ing from wellbore pressure and tubular movement. The bear-
ing elements 21a, 215, 21¢ handle radial loads, downhole
loading and uphole loading respectively. The bearing ele-
ments 21a, 215, 21¢ between the outer bearing housing 15
and the quill shaft 13 are provided with a first lubricant which
can be circulated for cooling the bearings and surrounding
area.

In an alternate embodiment, as shown in FIG. 5B, the axial
bearings and the radial bearings are provided in pairs, a pair of
radial bearings being fit to the annular assembly space with
axial clearance to avoid introducing complex loading and a
pair of axial bearings being fit to the annular assembly space
with radial clearance to avoid complex loading. Accordingly,
the internal assembly 10 houses a fourth bearing element 214,
for handing radial loading, and a second upper seal assembly
80. Upper seal assembly 80 can comprise two sealing ele-
ments 81a, 815, which aid lower seal assembly 40 with seal-
ing wellbore fluids from the bearing elements 21a, 215, 21c¢,
214.

Sealing elements 81a, 815 are the same as sealing elements
41a, 415, 41¢, except for being smaller in dimensions.

Bearing elements 21a and 214, such as cross roller bear-
ings, radially support the quill 11. Bearing elements 215 and
21c, such as thrust bearings, axially support the quill 11.

To prolong the life expectancy of the bearing elements 21a,
21b, 21¢, 21d, the radial movement of the quill 11 has been
isolated from the axially movement of the quill 11. The axial
tolerances above and below radial load bearing elements 21a
and 21d are provided to allow axial movement of bearing
elements 21a and 214. Further, the radial tolerances adjacent
axial load bearing elements 215 and 21c¢ are also provided,
allowing for radial movement of bearing elements 215 and
21c. An isolation thrust plate 82 between cross roller bearing
element 214 and thrust bearing element 21¢ also aids in
isolating the axial movement of the quill 11 from the radial
movement.

In one embodiment, the bearing elements 21a, 215, 21c¢,
21d, are in fluid communication with a bearing lubricant
passageway 23 (shown in FIG. 6) for directing a bearing
lubricant under pressure to the bearing elements 21a, 215,
21c¢, 21d. The bearing lubricant passageway 23 forms a dis-
crete and independent bearing fluid system. The bearing
lubricant, stored on the surface in a bearing lubrication tank,
can be continuously flushed through the bearing fluid system
to lubricate and cool the bearing elements 21a, 215, 21c¢, 214d.
In another embodiment, a heat exchanger can be provided to
provide extra cooling of the bearing lubricant.

In the embodiment shown in FIGS. 7A, and 7B, the lower
seal assembly 40 can comprise three sealing elements 41a,
41b, 41¢ which isolates the bearing elements 21q, 215, 21c¢
from wellbore fluids. During operations, the wellbore pres-
sure can be very high, threatening the integrity of the sealed
bearings. Alternatively, the pressure in the wellbore could
drop below some maintenance pressure of the bearings lubri-
cant, threatening loss of lubricant to the wellbore. Accord-
ingly, in an alternate embodiment, and cognizant of these
large and opposing pressure differentials during operations,
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the lower seal assembly 40, between the bearings and the
wellbore, have at least one sealing element 414 oriented for
sealing against wellbore fluid ingress WF from the wellbore
to the bearings and the at least one sealing element 414 for
sealing against the egress LF of pressurized bearing lubri-
cants from the bearings to the wellbore (see FIG. 12). The at
least one sealing element 414 is supported within the lower
seal assembly 40 by seal carrier 434.

The longevity of the lower seal assembly 40 may be further
increased using at least a seal lubricant directed to the lower
seal assembly 40. In another embodiment, the seal lubricant
can be under pressure. The lower seal assembly 40 is in fluid
communication with a seal lubricant passageway 42 for
directing the seal lubricant under pressure to the lower seal
assembly 40 to form a seal fluid system which is a discrete and
independent from the bearing lubricant passageway 23. The
seal lubricant, stored on the surface in a separate seal lubri-
cant tank, can be continuously or periodically flushed to
lubricate and remove accumulated debris and/or air from
within the lower seal assembly 40.

In an embodiment, the seal lubricant and the bearing lubri-
cant are different lubricants and have separate storage tanks
on the surface. The seal lubricant tank can be smaller than the
bearing lubricant tank to allow ease of replacing used lubri-
cant with fresh lubricant. In embodiments where the seal and
bearing lubricants are the same, the lubricant can be stored in
the same tank. However, a separate smaller sacrificial tank
can be used to isolate used lubricant circulated from the
sealing elements.

Generally, a seal lubricant inlet port 62a, 625 is in fluid
communication with a seal lubricant passageway 42a, 425 in
the outer bearing housing 15 for access to the annular bearing
assembly space. An outlet port (not shown) positioned about
diametrically opposite to the inlet port 62a, 625 to enable
outflow of the seal lubricant. Seal lubricant passageways 42a,
42b are formed in the outer bearing housing 15 for directing
a seal lubricant to one or more axial locations along the
annular assembly space, such as to the one or more of the
sealing elements 41a, 415, 41c.

In one embodiment, the seal lubricant inlet port 62a, 625
can be a top entry lubrication port as opposed to a side entry
Iubrication port illustrated in FIGS. 7A and 7B. With refer-
ence to also FIG. 3A, the thrust plate 50 can be fit with
recesses 49 for enabling and connection to top entry lubrica-
tion ports 62a.

In another embodiment, the seal lubricant may be pressur-
ized sufficiently to introduce the seal lubricant to the lubricant
passageways 42 to create a pressurized seal lubricant circuit.
A pressurized seal lubricant circuit would be formed for each
of'the sealing elements 41a, 415, 41¢ and can be individually
monitored, manually or remotely, by known methods in the
art for sudden increases in pressure, indicating seal failure.

As best seen in FIGS. 8A and 8B, in one embodiment, the
lower seal assembly 40 has three elastomeric sealing ele-
ments 41a, 415, 41¢. Each elastomeric sealing element 41a,
415, 41c¢ is supported by a corresponding seal carrier 43a,
43b, 43¢ which are in turn supported in the outer bearing
housing 15. The seal carrier 43a of the lowermost sealing
element 41a can be formed by ring 44 which further assists in
retaining all the seal carriers 43a, 43b, 43¢ and sealing ele-
ments 41a, 415 and 41c¢ within the lower end tapered of the
outer bearing housing.

Lower seal assembly 40 is supported within a seal sleeve
45, an upper end of the seal sleeve having a radially inward
shoulder 46 bearing against the lower bearing element 21c.
The seal sleeve 45 has a lower end supported in the outer
bearing housing 15 by the seal retaining ring 44. The sealing
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elements 41a, 415, 41¢ are sandwiched between the upper
radially inward shoulder 46 and the seal retaining ring 44
therebelow.

In another embodiment, the radially inward shoulder 46 of
the seal sleeve 45 is replaced with an additional sealing ele-
ment. This additional sealing element can be an inverted
sealing element, such as a bi-directional seal or wiper seal.
This bi-directional seal seals against the downhole movement
of lubricants from within the annular assembly space when
there is zero wellbore pressure, and also seals against uphole
movement of wellbore fluids when the wellbore fluids are
pressurized.

The lower sealing element 41a is supported in a seal carrier
43a. The lower sealing element 41a has an uphole surface that
seals against a second seal carrier 4356. The second sealing
element 415 is supported in the second seal carrier 435 and
the uppermost sealing element 41c¢ is supported in a third seal
carrier 43¢. The uppermost sealing element 41¢ has an uphole
surface that seals against the radially inward shoulder 46 of
the seal sleeve 45.

A first sealing interface 30q is formed between an uphole
surface of the lowermost sealing element 41a¢ and a downhole
surface of the second seal carrier 435 of the second sealing
element 415. A first lubricant passageway 42a, in the outer
bearing housing 15, is in fluid communication with the first
sealing interface 30a. The second seal carrier 435 can be fit
with a connecting passageway 47a which extends addition-
ally through the seal sleeve 45, for directing a seal lubricant
from the fluid passageway 42a to the first sealing interface
30a.

Accordingly, when the seal lubricant enters the first seal
interface 30q, the seal lubricant applies a pressure between
the first and second sealing elements 41a, 415. The pressure
between the first and second sealing elements 41a, 415 can be
monitored for a sudden increase in pressure. A sudden
increase in pressure would generally be a result of the failure
of the first seal 41a and the fluid communication of the first
seal interface 30a with pressurized wellbore fluids.

In an embodiment having three sealing elements, as shown
in FIG. 7B, a second sealing interface 305 is formed between
second and third sealing elements 415, 41¢. A second seal
lubricant passageway 425 is in fluid communication with the
second sealing interface 305. Seal carrier 43¢ is fit with a
connecting passageway 475 in fluid communication with the
second lubricant passageway 425 through the seal sleeve 45,
for directing seal lubricant under pressure to the second seal-
ing interface 3064.

Similar to the first seal interface 30a, the pressure between
the second and third sealing elements 415, 41¢ can be moni-
tored for a sudden increase in pressure. A sudden increase in
pressure would generally be a result of the failure of the
second seal 415 and the fluid communication of the second
seal interface 305 with pressurized wellbore fluids.

Optionally, continuous or periodic flushing of the sealing
interfaces 30a and 305, removes any accumulated debris and/
or air from the seal interfaces 30a, 305. In embodiments of the
invention, the first and second lubricant passageways 42a,
42b can be maintained independent from each other and may
be energized with different fluid pressures. In other embodi-
ments, the first and second lubricant passageways 42a, 425
can be fluidly coupled and be energized with the same fluid
pressure.

A downbhole surface of the lowermost sealing element 41a
forms a wellbore interface 31 against the wellbore fluids.

Referring back to FIGS. 6, 7A and 7B, generally, the bear-
ing interface 32 and seal interfaces 30a, 306 are shown to be
in fluid communication with their own corresponding lubri-
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cant passageways 23, 42a, and 42b. For example, in the
embodiment shown in FIG. 6, the bearing interface 32 is in
fluid communication with bearing lubricant passageway 23.
In FIG. 7A, the seal lubricant passageways 42a are in fluid
communication with seal interface 30a, and similarly in FIG.
7B, lubricant passageways 424 are in fluid communication
with seal interface 305.

The bearing lubricant passageways 23 are provided with an
inlet port 60 and an outlet port 61 while the seal lubricant
passageways 42a, 42b are provided with an inlet port 624, 625
and an outlet port 63a, 635 to enable independent flows of the
bearing and seal lubricants. In alternate embodiments, the
inlet and outlet ports for the bearing lubricant and seal lubri-
cant can be from a top of the bearing pack 20.

Seal lubricant passageways 42a, 4256 for each seal interface
30a, 305 are in fluid communication with their own corre-
sponding connecting passageway 47a, 475 (FIGS. 7A and
7B), allowing for independent control over each seal interface
30q, 305.

For example, as shown in FIG. 6, the bearing lubricant
passageway 23 is in fluid communication with bearing inter-
face 32 via a bearing connecting passageway 25. The bearing
lubricant passageway 23 is in fluid communication with a
corresponding inlet port 60 and a corresponding outlet port
61, forming a discrete fluid system that is independent of
other fluid systems.

Similarly, as shown in FIG. 7A, lubricant passageway 42a,
in fluid communication with seal interface 304 via the con-
necting passageway 474, is in fluid communication with its
corresponding inlet port 62¢ and outlet port 63a, forming
another discrete and independent fluid system.

FIG. 7B illustrates another discrete and independent fluid
system with lubricant passageway way 425 in fluid commu-
nication with seal interface 305 via connecting passageway
47b. Similar to the above fluid systems, lubricant passageway
42b s also in fluid communication with a corresponding inlet
port 626 and outlet port 634.

In another embodiment, the lubricant passageways 42a,
42b can be a common annular passageway, formed in the
outer bearing housing, allowing for common control of the
seal interfaces 30a, 305.

In one embodiment, a seal lubricant is directed to each of
the seal interfaces 30a, 305 at a pressure that is appropriate for
the operational conditions observed for that particular well-
head operations. The seal lubricant can be charged to an
appropriate pressure, which can be greater than or lower than
the pressure of the wellbore fluids. The seal lubricant under
pressure can be used to monitor seal integrity. The seal lubri-
cant can be continuously or periodically flushed within the
seal interfaces 30a, 305.

If the operational conditions warrant a continuous flushing
of the seal lubricant, a pump can be fluidly connect corre-
sponding inlets and outlets to a seal lubricant reservoir. If
continuous flushing is not necessary, and periodic flushing of
the seal lubricant is sufficient, displacement of the used seal
lubricant can be accomplished with a simple hand pump to
provide sufficient force to eject used lubricant and inject fresh
lubricant to the seal interfaces 30a, 305. For these purposes, a
single port can be used to both introduce clean seal lubricant
and release used seal lubricant.

Further still, in another embodiment, a circulation pump
can be operatively connected to the corresponding inlet and
outlet of the bearing elements 214, 215, 21¢ to form a closed
loop circulation system for continuously flowing lubricant
through the bearing elements 21a, 215, 21c¢. The flowing
lubricant cools and lubricates the bearing elements 21a, 215,
21c. Cooling of the bearing elements 214, 215, 21¢ provides
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a general cooling effect to the surrounding structure which is
beneficial to other components such as the sealing elements
41a, 415, 41c.

The independency of the bearing and seal interfaces with
each other and the independency of'their corresponding lubri-
cant passageway allows for differing conditions to be main-
tained across each interface, allowing for an operator to select
the optimal levels of lubricant pressure across each sealing
element and the circulating rate of the lubricant for each seal
interface to achieve longer sealing element life.

Further still, in extreme conditions, such as operations in
geothermal wells, the stationary housing 2 can be adapted to
include a water jacket to aid in cooling the bearing pack 20.

With reference to FIGS. 9A, 9B, and 9C, an exemplary
sealing element is an elastomeric seal, such as a two part,
U-cup seal, designed by the Applicant and commissioned for
manufacture by SKF USA. Each sealing element 41 a, 41 b,
41 ¢, 81 a 81 bremains stationary, supported in the outer
bearing housing 15 by corresponding seal carriers 43a, 435,
43¢, 83a, 83b which are in turn supported by the stationary
housing 2 while maintaining a seal against the quill shaft 13.

As shown, this two part multi-lip seal used for seal ele-
ments 41a, 415, 41¢, 81a, and 815 comprises a body 150 and
a loading ring 151. The body 150 comprises an outer periph-
eral wall 155, having a flange 152, an annular cavity 156, and
an inner sealing surface 153 adapted to engage the quill shaft
13. The outer peripheral wall 155 is supported in the outer
bearing housing 15. The flange 152, having a one-half of a
dovetail profile, is tapered radially, its distal end 1524 having
a greater axial depth than its proximal end 15264.

As shown in FIG. 10, the inner sealing surface 153 illus-
trated for sealing against the quill shaft 13 comprises a lower
sealing surface 1534, an upper sealing surface 1535 and a
sealing channel 153¢ therebetween. Applicant believes that
the sealing channel 153¢ provides an area to capture and
retain any debris that can result from wearing of the lower
sealing surface 153a. The captured debris will be isolated
within the sealing channel 153¢ and will not interfere with the
upper sealing surface 1535, prolonging the life of the upper
sealing surface 1534, and thus increasing the life expectancy
of the sealing element.

The loading ring 151 has a greater cross-sectional width
than that of the annular cavity 156. The loading ring 151 fits
within the annular cavity 156, applying a radial force to urge
the inner sealing surface 153 to expand radially inwardly to
sealingly engage the quill shaft 13. The loading ring 151
provides a radially inwardly force against the inner sealing
surface 153 urging the inner sealing surface 153 to displace
radially inwardly.

The body 150 can be composed of carbon fibre filled modi-
fied polytetrafluoroethylene (PTFE). The loading ring 151
can be of a springy metallic material, such as hardened cobalt-
chromium-nickel alloy, more commonly known as elgiloy.
The loading ring 151 provides a consistent radially inwardly
force sufficient to urge the inner sealing surface 153 of the
body 150 to seal against the quill shaft 13 while prolonging
the life of the sealing element.

With references to FIGS. 11A and 11B, a sealing element,
is supported by aseal carrier 95. The inner sealing surface 153
of the sealing element engages the quill shaft 13. The seal
carrier 95 is profiled to fit the sealing element and comprises
an interface surface 154, a complementary radially tapered
surface 160 and a back wall 161. A bottom end of the sealing
element, in conjunction with the interface surface 154 of the
seal carrier, together form seal interfaces 30a, 305 (also see
FIGS. 7A and 7B). The flange 152 is supported on the
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complementary radially tapered surface 160. A seal gland 157
is formed between the distal end 1524 of the flange 152 and
the back wall 161.

The sealing element is actuable between a non-activated
state and an activated state. As shownin FIG. 11A, when there
is no axial compression exerting a force F on the sealing
element, the sealing element is in its non-activated state. In its
non-activated state, flange 152 is relaxed and has a radial
extent R that does not distend into the seal gland 157.

As shown in FIG. 11B, when there is an axial compressive
force F exerted, flange 152 radially distends, urging distal end
152a radially outward towards the back wall 161 of the seal
carrier 95 and into the seal gland 157. The radial extent R' of
flange 152, when the sealing element is activated, is greater
than the radial extent R when the sealing element is not
activated.

The Applicant believes that the axial compression of the
sealing element, causes the radially outwardly distention of
the flange 152 and does not cause the radial inward movement
of the inner sealing surface 153. This radially outwardly
movement of the flange 152 firmly secures the sealing ele-
ment within the bearing pack 20 and at the same time does not
increase the rotational drag exerted on the quill shaft 13. The
Applicant believes that by allowing the flange 152 to distend
radially outwardly, the inner sealing surface 153 is not
crushed against the quill shaft 13 and does not contribute to
rotational drag.

The Applicant believes that the radially outwardly disten-
tion of the flange 152 allows for proper activation of the
sealing element under pressure and in zero pressure environ-
ments, resulting in lower break torque limits and running
torque, of the quill shaft 13, and thus ensuring increased
longevity of the sealing elements 41a, 415, 41c, 81a, 815.

In another embodiment, a seal interface pressure monitor
(not shown) can be used to monitor the pressure at each of the
seal interfaces 30a, 305. With each successive failure of the
sealing elements 41a, 415, a corresponding increase in fluid
pressure at the seal interfaces 30a, 305 should be observed,
allowing an operator to identify each sealing element that has
failed, and preemptively replace the bearing pack 20 before
the failure of the last sealing element 41¢ and the introduction
of wellbore fluids into the bearings 21, resulting in NPT.

With reference to FIG. 13 and FIGS. 14A-14E, in opera-
tion, underneath the rotary table of a drilling rig, the station-
ary housing is secured to a wellhead or a BOP stack above a
wellhead. Above the rotary table and the drilling rig floor, the
bearing pack is positioned on an intervening tubular of a
tubing string. The intervening tubular with the bearing pack is
lowered through a working bore of the rotary table and posi-
tioned within the assembly bore of the stationary housing.
The bearing pack is then secured within the assembly bore by
aretainer plate, such as a threaded screw cap or a thrust plate.
Securing the retainer plate can involve simply tightening
down the threaded screw cap, or can involve actuating a
plurality of lag bolts circumferentially spaced along a top
portion of the stationary housing, to engage the thrust plate.

The embodiments of the invention for which an exclusive

property or privilege is claimed are defined as follows:

1. A modular lubricated bearing pack for a rotating control

device comprising:

a bearing pack housing and a rotatable cylindrical sleeve
adapted for passage of a tubular, forming an annular
assembly space therebetween;

bearing elements positioned in the annular assembly space
for radially and axially supporting the rotatable cylin-
drical sleeve within the bearing pack housing;
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one or more seal assemblies, each of the one or more seal

assemblies having at least one sealing element, each of

the at least one sealing element further comprising,

an elastomeric body operable between a first non-acti-
vated state and a second activated state, the elasto-
meric body having an annular cavity, an inner sealing
surface adapted to engage the rotatable cylindrical
sleeve, and a radially outwardly extending flange sup-
ported in the bearing pack housing; and

aloading ring, fit within the annular cavity, for urging the
inner sealing surface to expand radially inwardly to
engage the rotatable cylindrical sleeve for sealing
thereto,

wherein when the elastomeric body is in the first non-

activated state, the radially outwardly extending flange
has a first radial extent being less than a radial extent of
a space in which the elastomeric body is disposed, the
first radial extent and the radial extent being measured
from the rotatable cylindrical sleeve; and

wherein when the elastomeric body is in the second acti-

vated state, the radially outwardly extending flange is
axially compressed, distending radially towards the
bearing pack housing and has a second radial extent
greater than the first radial extent, the second radial
extent being measured from the rotatable cylindrical
sleeve; and

an elastomeric stripper element for sealing the tubular

against the wellbore fluids from passing thereby.

2. The modular lubricated bearing pack of claim 1, wherein
the bearing elements have a first lubricant under pressure.

3. The modular lubricated bearing pack of claim 2, wherein
the bearing elements are a pair of radial bearings and a pair of
axial bearings.

4. The modular lubricated bearing pack of claim 3, wherein
the pair of radial bearings have axial clearance and the pair of
axial bearings have radial clearance.

5. The modular lubricated bearing pack of claim 2, wherein
the one or more seal assemblies further comprises an upper
seal assembly above the bearing elements and a lower seal
assembly below the bearing elements.

6. The modular lubricated bearing pack of claim 5, wherein
the rotatable cylindrical sleeve further comprises at least one
upper replaceable wear sleeve adjacent the upper seal assem-
bly and at least one lower replaceable wear sleeve adjacent the
lower seal assembly.

7. The modular lubricated bearing pack of claim 5, wherein
the upper seal assembly further comprises at least one upper
seal element and the lower sealing assembly further com-
prises at least two lower sealing elements.

8. The modular lubricated bearing pack of claim 7, wherein
the at least two lower sealing elements further comprise at
least one bi-directional sealing element oriented to seal
against the first lubricant under pressure from egressing
downhole into the wellbore.

9. The modular lubricated bearing pack of claim 7, wherein
the at least one sealing element further comprises a first
sealing surface, a second sealing surface, and a circumferen-
tial groove therebetween.

10. The modular lubricated bearing pack of claim 1,
wherein the at least one sealing element is at least two sealing
elements.

11. The modular lubricated bearing pack of claim 10
wherein the at least two sealing elements form at least one
seal interface therebetween and wherein a second lubricant is
provided to the at least one seal interface.
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12. The modular lubricated bearing pack of claim 11, fur-
ther comprising at least one lubricant passageway in fluid
communication between the bearing pack housing and the at
least one seal interface.

13. The modular lubricated bearing pack of claim 1,
wherein the radially outwardly extending flange has an axial
depth greater at a distal end than at a proximal end and is
supported by a corresponding profiled seal carrier.

14. A rotating control device comprising:

a stationary housing having a bore;

a modular lubricated bearing pack comprising:

a bearing pack housing and a rotatable cylindrical sleeve
adapted for passage of a tubular, forming an annular
assembly space therebetween;

bearing elements positioned in the annular assembly
space for radially and axially supporting the rotatable
cylindrical sleeve within the bearing pack housing;

one or more seal assemblies, each of the one or more seal
assemblies having at least one sealing element, each
of'the at least one sealing element further comprising,
an elastomeric body operable between a first non-

activated state and a second activated state, the
elastomeric body having an annular cavity, an inner
sealing surface adapted to engage the rotatable
cylindrical sleeve, and a radially outwardly extend-
ing flange supported in the bearing pack housing;
and

aloading ring, fit within the annular cavity, for urging the
one or more seal assemblies to expand radially
inwardly to engage the rotatable cylindrical sleeve for
sealing thereto;
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wherein when the elastomeric body is in the first non-
activated state, the radially outwardly extending
flange has a first radial extent being less than a radial
extent of a space in which the elastomeric body is
disposed, the first radial extent and the radial extent
being measured from the rotatable cylindrical sleeve;
and

wherein when the elastomeric body is in the second
activated state, the radially outwardly extending
flange is axially compressed, distending radially
towards the bearing pack housing and has a second
radial extent greater than the first radial extent, the
second radial extent being measured from the rotat-
able cylindrical sleeve; and

an elastomeric stripper element for sealing the tubulars
against the wellbore fluids;

a retainer plate fit to the bore and secured therein, for
securing the modular lubricated bearing pack within the
bore of the stationary housing; and

a plurality of lag bolts circumferentially spaced around a
top portion of the stationary housing and extending radi-
ally through the stationary housing into the retainer
plate.

15. The rotating control device of claim 14, wherein the
plurality of lag bolts have tapered ends to engage correspond-
ing mating surfaces of the retainer plate.

16. The rotating control device of claim 14, wherein the
retainer plate can fit through a working bore of a rotary table.
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